By H. MARTIN BERRY, M.D.' ONE of the many important subjects which the War has thrust upon the notice of the medical profession is that of the action of the various groups of anaerobic bacilli. A prominent effect of certain of these micro-organisms is the formation of gas within the tissues of the living body, and it is the detection of this gas, and therefore of the presence of the bacilli, which forms the subject of this communication.
The number of deaths which have already occurred as the result of anaerobic infection makes the subject of great practical importance, especially so since early diagnosis is the first step towards favourable prognosis, as is the case in all bacterial infections. If a wound merely be infected by anaerobes without the formation of gas bubbles, radiology, so far as we know at present, can be of no assistance towards diagnosis, but, if gas be present in the tissues, it can be demonstrated in a well-made radiograph. Not only its presence, but also its exact. location can be depicted, and thus we can help the surgeon in deciding what course of treatment to pursue. In two at least of the following cases there were no symptoms suggestive of gas gangrene, as the process had not advanced to such a stage that either local signs or systemic disturbances had manifested themselves, but the early recognition of the presence of gas led to prompt surgical intervention, followed by rapid recovery. When gas has been formed in the body as the result of fermentation of muscle sugars, consequent on anaerobic infection, it frequently happens that it has no method of escape, and therefore acquires a positive pressure which is sometimes considerable. This pressure tends to increase the infected area either, according to one theory, by limiting the blood supply of the part, or, according to another theory, by splitting up the tissue planes and thus laying open fresh avenues for infection. We need not concern ourselves with considering which of these theories is correct, since in either case the effect is the formation 18 Berry: The Recognition of Gas within the Tissues of more gas resulting in a further increase in pressure, and thus a vicious cycle is established-perhaps the most potent argument for the necessity for early diagnosis.
In order to give some idea of the frequency of these cases, even at a hospital in England, those only have been included in which a diagnosis of gas formation has been made during a period of three months. Such cases, naturally, will be more common at our various hospitals in France. Many patients known to be infected with gas-forming organisms have been operated upon abroad and the gas liberated so that they show no radiographic evidence of gas formation on their arrival here. Despite this there are twenty-eight cases to be included. In practically all of the cases there is surgical or bacteriological evidence to substantiate the diagnosis. For the surgical notes I am indebted to Captain Jocelyn Swan and Captain Cecil Rowntree, and for bacteriological information to Mr. Kenneth Goadby. In most of the examples of diffuse infiltration clinical examination gave unmistakable evidence if the condition by tissue crepitation but, even in these cases, radiography was useful in localizing the area affected. In the cases with only a few discrete bubbles nothing abnormal could be felt. In a few instances limbs were dissected after amputation to check the diagnosis, and in each case confirmed it. The extent of tissue damage bears no necessary relation to the presence of gas; it was found in small punctured as well as in large lacerated wounds. In some cases the gas bubbles were not in the direct track of the wound and had apparently moved along the path of least resistance. Nor does the smell of any discharge which may be present act as a guide, as gas was found not only in those with foul discharge, but also in instances where it was quite sweet or absent altogether.
Radiographically speaking, there are two main types of gas formation:
(1) Where there are a comparatively small number of discrete bubbles, though individual bubbles may be of large size.
(2) Where there is an extensive and diffuse gas infiltration.
In either condition the gas may be found under considerable pressure. Further experience may lead to extension of this classification.
There, are certain fallacies to be guarded against in making a diagnosis of the presence of gas:-(1) The actual wound may involve such a loss of tissue as to cause increased radio-transparency of the part. This is very common, but is easily distinguished and is hardly likely to lead to error.
Section of Electro-Therapeuttics
(2) Bubbles of air may be trapped within the tissues. This is not so common, and the shadow outline is apt to be less defined. There is only one case in the series where this diagnosis was suggested.
(3) If the wound has been syringed with peroxide of hydrogen, oxygen bubbles may be present under considerable tension. Inquiries should be made therefore as to whether the wound is known to have been so treated and due caution exercised. This is particularly the case where the bubbles are few and discrete, and in the present state of our knowledge there is no certain means of differentiation, though, if the gas be situated at some distance from the track of the wound, it is more likely to be the result of the infection than of the treatment. In diffuse infiltration this is practically certain to be the case, and diagnosis can be made with confidence. Case 1.-The radiograph was taken four days after the wound was inflicted.
It shows several discrete bubbles together with a fair amount of diffuse infiltration. As will be seen, there is extensive bone damage. Clinical notes:
Wound very foul, crepitattion felt in the tissues, radial pulse -normal on the affected sidle. Surgical notes: The part vwas freely opened up and drained, and the mian improved for several days; later, the head of the humerus and the glenoid were removed along wvith much bone debris ; the bone was soft, blackened, and foul; the patient is doing well. Bacteriological notes: A smear preparation taken at the first operation showed spore-forming bacilli of the malignant cedema type.
Case Ie-The radiograph, taken on the fifth day, shows extensive and diffuse gas infiltration of the calf, without any bone damage. Clinical notes: The inner and posterior portions of the leg were distended, and crackled on D-5a pressure, but the swelling did not extend into the thigh; the toes were just warm; there was no pulse in the dorsalis pedis or posterior tibial arteries. Surgical notes: A long incision was made in the leg in the region indicated and gas escaped under considerable pressure; the gas had lifted the subcutaneous tissues off the muscles, but the muscles themselves were not emphysematous; the smell was very foul and the condition so bad that amputation was performed. On the following day he had secondary haemorrhage from another wound in his arm and the third part of the axillary artery was ligatured. The next day gangrene of the arm developed, with much emphysema, and the arm was amputated at the axillary fold, but the emphysema spread to the chest wall and he collapsed and died, mentally clear to the end. Bacteriological notes: A swab taken at the first operation showed a mixed infection of perfriiygens, malignant oedema, staphylococci, streptococci and rodella.
-2 FIG 2 (Case II Case III.--The plate, takeni eight days after the wound was received, shows diffuse gas infiltration around and behind the greater trochanter and extending down the thigh. Clinical notes: This man had had an operation in France; a drainage-tube had been inserted and the wound sutured around it; on admission the wound was very foul, the skin dusky and tense and emphysema was felt on pressure. Surgical notes: Operation the same day as the radiograph was taken; the deep fascia had been lifted off the muscles by gas, which was under great tension and spurted from under the ilio-tibial band, but the muscles themselves were not emphysematous ; the patient appeared to be doing well after operation, but he suddenly collapsed and died two days later. Post-mortem changes were very rapid: twelve hours after death the whole body was blackened and much swollen; in thirty-six hours distension was so great that the skin cracked in all directions and much fluid exuded. So great was the distension that it actually bulged out the sides and forced off the lid of the coffin in which he had been placed, so that a larger coffin had to be obtained.
Bacteriological notes: The infection was a mixed one of perfrigngenis, lactis, aerogenes, malignant cedema, Hibler, streptococci and staphylococci.
Note.-This and the preceding case are the only two deaths in the series of twenty-eight cases, and the similarity between them is very marked. In both there was a mixed infection; in both there was an extensive diffuse infiltration by gas, and the connective tissues were lifted off the underlying muscles; in both the smell was foul.
Case IV.-The plate, taken five days after infliction of the wound, shows a large metallic fragment in front of the elbow and a large single bubble of gas in its immediate region. Damage to the external condyle of the humerus was. also observed. Clinical notes: There was no evidence of gas formation, but the whole area surrounding the wound was very tender and the man complained of great pain on the slightest movement; in his other forearm he bad a fracture of both bones, but this could be handled freely without pain. Surgical notes: On operation the gas was found unader considerable pressure; the external condyle was found to be separated and damaged, and was removed, as was also the metallic fragment; he is doing well. Bacteriological notes: The infection was perfringens, proteus and streptococci. Case V. -Radiographed three days after being wounded. The plate shows gas bubbles deep in the tissuees of the back of the thigh. Clinical notes: The wounds were small and healing rapidly; the part was not markedly tender, and there was absolutely no suspicion of infection by ana8robic bacilli. Surgical notes : Operation was performed as soon as the presence of gas was. reported; a long incision was made and a cavity found which was full of recent blood clot: this clot was disintegrating and contained gas in its interior. Bacteriological notes: The clot showed a very extensive infection with perfrinzgens. The surroundings were particularly favourable for the growth of anaerobic bacilli and, had the infection once passed beyond the limits of the clot, acute gas gangrene was inevitable; this was averted by prompt treatment. The patient made an uninterrupted recovery and has now been discharged from hospital. Case VI.-Radiographed on the third day, and an extensive gas infiltration seen behind the knee. He did wvell after free inCiSioDs. Bacteriological notes: Tbe infection was perfrinqents and diplococci. FIG. 5. (Case VI.) 
